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SECTION I o
 val;
3
INTRODUCT ION !
*
b
A. BACKGROUND i
e
The US Air Force has a need to comstruct and maintain pavements to }@
i
support a8 limited number of aircraft operations in the European theater. =
o;i‘-‘:
With the development of hardened shelters for the protection of aircraft and &3
bt
. . . e
support equipment during conventional air attacks, the weapon system vulner- bt
ability to conventional bombing shifts toward the mission-essential runway. Py
t;;‘."
To counteract this threat, the US Air Force outlined a 9-year research gﬁ
l.,:
program to provide the capability to launch and recover aircraft after an K
r.
attack directed at runways and taxiways. One option is to comstruct and T
1)
maintain Alternate Launch and Recovery Surfaces (ALRS). ALRS are large 1
‘ﬁ‘
areas of relatively low quality pavement. ALRS can be constructed away from éﬁ
e
the main runway to effectively reduce the probability that all landing and .
"
"\
takeoff areas would be destroyed in a given attack. The ALRS must (1) be QQ
o
relatively inexpensive in comparison to permanent pavements, (2) support %;
the imposed loads, (3) be easily maintained, and (4) provide an adequate -
Y,
(1)
surface for a limited number of sorties of the design aircraft. :§
e
8%
Research on ALRS has been reported by several investigators (References ?
R
1-11). These research efforts were directed toward the design of the v
W
pavements for structural support requirements and to minimize the effects tQ
3
of environmental deterioration. Two pavement systems were selected on the q§
basis of costs and performance requirements from these efforts: (1) a 4
)
conventional asphalt/crushed stone pavement with a minimum thickness of h
\
asphaltic concrete (AC) and (2) a pavement constructed with stabilized- §§
material layers. 4
ol
(M
bt
1 2!
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:& ALRS pavements will be located in areas where there are 300-325

o, freezing degree-days, 25~30 inches of rainfall and 14-36 inches of snowfall
. per year (Reference 5). These environmental conditions will cause structur-
al deterioration of the pavement layers through thermal cracking, and

R4 freeze~thaw cyclic conditions. Freeze-thaw will saturate the subgrade and

“ other frost susceptible layers, and cracking will allow water infiltration
ty] through cracks.

ALRS pavements will be designed to support 150 passes of a fighter

aircraft such as the F-4 which has a single main gear with a maximum load of

{ 27000 1bs and a 100 sq. in. contact area.

i‘ Normally, pavements are subjected to periodic traffic. If the pavement
it is not structurally adequate, distresses such as rutting or cracking appear
': indicating a need for strengthening. Distresses may be localized where

N corrections can be accomplished with patching, or they may cover the entire
: pavement feature where the loads exceed the design aircraft load or material
? properties have changed due to environmental effects. ALRS pavements will

:) not be subjected to traffic except in contingency situations. If there is a
: change in the pavement conditions, there will be no indicator and failure

i could occur when the feature is critically needed. Therefore, ALRS pave-

§ ments will require periodic monitoring life to insure that structural

X integrity is maintained.

;: The use of nondestructive testing devices for evaluating the load-

i. carrying capability of both airport and highway pavements has been widely

accepted throughout the pavements field (References 12-18). The procedures

- Cap g e s

for determining the allowable load or allowable passes have been derived

by:
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1. Correlating the NDT measurement to the allowable load determined by

sampling the pavement structure and using a conventional design

‘e

procedure (Reference 13).

2. Back-calculating the pavement layer moduli and using a layered

- P

elastic model to calculate limiting stresses or strains (References
12, 14, 15, 17 and 18),

Both methods have been "calibrated" and apparently produce reasonable

v e T g

results though they have not been verified by actual performance data. In

& general, the methods have been verified only by laboratory or insitu
materials tests.

Two research studies have been completed at the Waterways Experiment
Station on the design of ALRS (References 6, and 10). Eleven pavement test
sections were trafficked to failure with an F-4 load cart. Nondestructive
3 Falling Weight Def lectometer (FWD) data were collected on these sections
' before, during, and after traffic. These data provide an excel lent source
for use in establishing failure mode, and pattern and predicting the perfor-
! mance of low volume traffic pavements.
iy B. PURPOSE

The purpose of this study is to develop an FWD based ev .uation proce-
dure to predict the allovable F-4 sircraft load and the allowable aircraft
passes for marginal asphalt pavements. Structural models for describing the
pavement system response will be evaluated and the model that produces
responses that most accurately correlate to pavement performance will be
selected. The method developed will be applicable to pavements for which

very little information is known.
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"f;gt
‘;S:: C. SCOPE
\: The nondestructive evaluation procedure developed in this study will be
':‘m‘ for flexible pavements with an asphaltic concrete surface and an unbound
; granular layer. The allowable load/passes will be predicted for aircraft
t‘, with a tricycle gear having a single wheel main gear. The procedure will be
R developed based on data obtained from using a load cart simulating an F-4
3; aircraft having a 27000 pound single wheel load and a tire contact area of
;::} 100 square inches., Data col lected during the aforementioned studies will be
"l‘: used to predict the expected life in terms of number of passes to produce
g":':. failure as determined by rutting. The method will use only nondestructive
E"‘:‘h data when thickness and type of the pavement layers are known. When thick-
:(:’ ness and types of layers are not known coring will be required to determine
* these parameters.
&

D. THESIS FORMAT
\-,, Section II contains a description of the failure mechanisms for
:‘ flexible pavements with thin asphaltic concrete surfaces and granular bases.
" Methods for evaluating the performance of flexible pavements are presented
;; ‘. with the method selected for evaluating the data presented herein.
:,':-:: A description of the traffic tests is presented in Section III,
» Pavement properties and performance evaluation measurements are described.
2‘ An analysis of nondestructive data col lected with the FWD and factors
:“:é: which influence FWD data is contained in Section 1V,
’ Traffic test section data is analyzed in Section V. The performance of
. each traffic test section is compared to estimates of performance using the
: CBR design/evaluation procedure and layered elastic procedures.
Rols
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Section VI contains the models developed to predict performance. The
best estimator of performance is presented. A procedure for evaluating
traffic volume pavements is outlined.

Section VII presents conclusions and recommendations for evaluation of

low traffic volume pavements and future research for flexible pavements

containing granular base courses.
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SECTION II
PERFORMANCE PREDICTION

A structural model must be selected to predict pavement responses such

as stress or strain. The model should be capable of utilizimg the proper-

ties of the pavement layers such as modulus and strength. Responses derived
from material properties can be used to relate to pavement performance. For

ALRS evaluations, the model should not require the use of a main frame

'
!

computer for analysis since in the cases of an evaluation of an airfield in
an underdeveloped country an answer is required immediately.

The pavement evaluation methods that were considered are the California
N Bearing Ratio (CBR) design procedure, multilayer linear elastic model,
multilayer nonlinear elastic models, and rut depth prediction. Each system
will be described in the fol lowing sections.

A, PAVEMENT PROPERTIES AFFECTING PERFORMANCE

1. Distresses

An ALRS pavement structure will contain a thin AC layer (3 inches or
less), an unbound granular layer, and s subgrade. Distress in pavements of
this type and of interest to the pavement user are cracking of the AC layer
and permanent deformation (rutting).

Cracking may be the initial distress particularly for older pavements
when the AC surface course has oxidized and lost its flexibility. Cracking
of the AC surface influences rut depth accumulation. A cracked surface
course does not provide the confining for the base course which leads to

loss of strength., Shear stress is increased below a cracked layer. Both

decrease confining and increased shear stress enhance rutting accumulation.
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Aircraft operations on ALRS will occur in a short time interval
(probably less than 24 hours). Cracking is a primary pavement distress
because it allows water to infiltrate into the base and subgrade which
leads to weakening of those layers and eventually rutting. Severe cracking
can lead to foreign object damage (FOD) to the aircraft engines. Due to
the short time use (less than 24 hours) of ALRS pavements, water

infiltration will not present a problem. FOD damage could be a problem for

g i e

ALRS users, but most likely will not, since operations will be occurring
‘ during battle. Also, although cracking may occur, 100 to 200 aircraft

¥ passes probably will not break the surface into particles small enough to be

4. dislodged.

i Therefore, the primary load associated distress in ALRS pavements of

2 concern is permanent deformation in the form of rutting. Permanent or
plastic deformation can occur in the AC layer, the granular layer, and the

k subgrade. Deformations within the AC layer will be small in comparison to

;‘ those in the base and subgrade since the surface AC layer is relatively thin

ﬁ' (3 inches or less). Therefore, rutting distress will be associated with the

& granular and subgrade layers for low traffic volume ALRS pavements.

i» 2. Granular Layers

A Permanent strain in granular materials has been described (Reference

f; 19) with the general form equation:

I €p=a+blogV (1

‘ where

; €p = Permanent strain

; N = Number of load repititions

% a,b = Experimentally derived factors from repeated load testing

5




.:-:;;t
it
z:s: Factors that affect the rate of permanent strain accumulation, the b
‘i::'!
e term of the above equation, include the compacted density.
,:.':a‘\ Barksdale reported in a detailed laboratory analysis of rutting in
L 4
.{*g*
}j;::: base course materials (Reference 20), the type and amount of fines
@(’*'C
HLL .
increased the permanent strain. He further stated for crushed stone bases,
S
‘*;:: only enough fines should be used to permit proper compaction if the amount
Sty
R
’::SE: of rutting in the base is to be minimized. Increase in the deviator stress
ai‘n,‘
ratio significantly increases the permanent axial strain. The deviator
":i:: stress ratio is given as:
(L:'.)‘
.:e';«:;': °1 -93 (2)
i)
e °3
- The degree of saturation also was found to significantly increase the
1480,
he
L::% tendancy to rut in the base (Reference 20).
.Q"
fZ::::: A hyperbolic plastic stress-strain relationship has been proposed by
s Kondner (Reference 21), and used extensively by Duncan (Reference 22) for
9‘."
::$:: description of axial plastic strain as follows:
L A
ooy
sﬂ!‘?‘ n
e — (o9 - 03) /(ko") (3)
at a — .
g 1 - {o1-93) Rf (1 - sSIN $)
;::L_,‘: 2¢COS ¢ + o5 sSiN¢
Hhat
.":‘
oW where
s €, = axial strain
';’;J
":‘,;} kog- relationship defining the initial tangent modulus as a
‘:v.:iz' function of confining pressure, (K and n are constants)
‘f&‘;'
- ¢ = cohesion
i#"
:':!' ¢ = angle of internal friction
oy
ALY
;:'. Rf = a constant relating compressive strength to an asymptotic
Tty stress difference.
i'.
;{;;-}:
f
‘):,ln 8
o
ot
N \::
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v Barksdale (Reference 20) found that the above equation can fit the
plastic stress-strain curves obtained from repeated load triaxial test
v results for 100,000 load repititions. For practical estimate of rut depth
A with pavement performance, an extensive testing program would be needed to
calculate constants in the equations for various numbers of load
§ repititions.
t 3. Subgrades
For fine grained soils, permanent strain is generally described by the
following general equation.
A_ €p=AN (&)
where
€p ™ Permanent strain
N = Number of load repititiomns

A,b = Experimentally derived factors from repeated load
L testing data

Factors that influence the permanent deformation characteristics of
fine grained soils include the applied stress, the moisture content, and
the degree of compaction (Reference 19). An increase in moisture content
! or a decrease in the compactive effort both lead to decreased shear
strength which contibutes to rutting.

Brabston reported in a study of deformation characteristics of
subgrade soils (Reference 23) that the permanent axial strain response
increases exponentially with load repititions to a point and then increases
linearly thereafter at a much reduced rate. The rate of strain increase in
both regions is a function of soil water content, density, and resistance

to compaction as manifested by the slope of a plot of maximum density
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“g;?‘d versus compaction energy and the ratio of repetitive axial stress to

failure deviator stress.

vy B. DESTRUCTIVE EVALUATION METHODS

:;Ezg" 1. California Bearing Ratio (CBR)

The CBR flexible pavement design/evaluation procedure is used by
Eg’% the Department of Defense (Army, Navy, and Air Force)(Reference 24) and the
E:Q'g Federal Aviation Administration (Reference 25). It has also been selected
i as the basis of determining the flexible pavement Aircraft Classification
EE: Number/Pavement Classification Number (ACN/PCN) by the International Civil
: Aviation Organization (ICAO) (Reference 26). The CBR system is the most

'_’"f" universally used design/evaluation procedure for flexible airport pavements.
i“ CBR is defined as the bearing ratio of soil determined by comparing
::’ the resistance to penetration of a 3 sq. in piston of the soil to that of a
K standard material (Reference 27). The method covers evaluation of the

e

g‘;ﬁ relative quality of subgrade soils but is applicable to subbase and some
%‘E? base course materials,

; : The CBR design method has been calibrated over the years with

[N

Es%; actual performance data and covers a wide range of pavement designs for most
Ez of the aircraft that are presently using airfields.

;" To evaluate a pavement using the CBR procedure, a test pit must be
I}: opened in the runway. The facility may be closed for a period of 1 to 3
*; days. CBR is measured on each pavement layer in the pit, and bulk samples
* are collected for laboratory testing. It is important to note that usually
::3 only one or two pits are constructed in a given runway or taxiway. Data
?" from these pits are used to represent the characteristics for up to 10,000
¢

x‘. lineal feet of pavement. ALRS pavements will vary in strength over these
R 10
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@: distances. Since traffic will not locate 'weak areas,”" additional data is
necessary in order to locate the potential problem areas.

2. Rut Depth Prediction
il Barber, et. al. (Reference 28) developed the fol lowing model for

rut depth prediction for 2 layer flexible pavement systems with an AC sur-

.: face course over a granular base:
3
B Px1.3127 ¢ 0.0499 p.3249
RD = 1.9431 P (5)

l‘
: [los (1.25Tac + Tb“e)] 3.4202 ¢ 1.6877 (0.115%
W
f Standard Error = 0.411
-._‘. r = 0.8779
% vhere
-
) RD = Rut depth, in.
A
g P, = Equivalent single-wheel load (ESWL), kips

t, = Tire pressure, psi
) P
- Tac = Thickness of AC, in
g Tbase = Thickness of Base, in
K
% C) = CBR on top of Base
%
! C, = CBR on top of Subgrade
)

R = Repetitions of load or passes
b
f Destructive testing is required for this model to predict
A0
. performance. Therefore, as with the CBR procedure, weak areas probably will
¥
] not be located. However, this model will be used to evaluate the data
>
3 generated in this study.
2
)
Y
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Barker (Reference 29) presented the fol lowing rut depth prediction
model based on the relationship between resilient strain and permanent

strain in the subgrade:

€p = 0.14 70800 R (6)
€R Mg
where
R = 0.4 (Stress Repetitions)0.12

Mg = °d , ksi
€R

Q
[~ %
[

Repeated deviation stress in laboratory triaxial test, ksi

R = measured resilient strain in laboratory triaxial test, in/in.

€p = measur7d permanent deformation in laboratory triaxial test,
in/in.

This model is applicable to permanent airfield pavements and assumes
that most of the permanent deformation will occur in the subgrade. For ALRS
pavements with a thin asphalt surface layer, rutting may also occur in the
granular layer.

c. NONDESTRUCTIVE EVALUATION METHODS

Nondestructive testing offers many advantages over conventional pave-
ment evaluation testing. The major advantage is the ability to collect data
at many locations on a runway or taxiway in a very short time. At least 20
tests can be conducted in one hour as compared to the day or more required
for the comstruction and repair of one test pit.

Over the past 20 years several types of NDT equipment have been deve-
loped and used in the evaluation of roads and airfields. Most equipment
applies either a vibratory or an impulse load to the pavement, and measures
the resulting pavement surface def lection. Deflection is obtained

vith most devices by integrating the surface velocity measured with velocity

12
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transducers. The force generators for the vibratory devices are either
counterrotating masses or electrohydraulic systems that produce a sinusoidal
loading. The impulse load devices utilize a falling weight dropped on a set
of cushions to dampen the impulse to produce a loading time to simulate a
moving wheel. The magnitude of the load is measured on some devices and
calculated on others.

1, DSM Procedure

A nondestructive pavement evaluation procedure for airfield pave-
ments was developed at the Waterways Experiment Station utilizing data
collected with the WES 16-kip vibrator (Reference 13) for use with the CBR
design method. The WES 16-kip vibratot.is an electro-hydraulic actuated
device that applies a sinusoidal loading of up to 30,000 1bs (peak-to-peak).
The load is applied through an 18 in. diameter plate. The system is con-
tained in a tractor-trailer unit.

Dynamic Stiffness Modulus (DSM) is defined as the slope of the
upper third portion of the load/deflection relationship that is obtained
when the sinusoidal dynamic loading is swept from 0 to 30,000 1bs (peak to
peak). DSM from the WES 16-kip vibrator was correlated with the allowable
single wheel load (ASWL) for 24,000 total departures of a single wheel
aircraft as determined from destructive evaluation methods. Once the ASWL
is determined, and layer thickness data is obtained, the CBR of the sub-
grade can be back~calculated. Using the CBR procedure with the derived
subgrade CBR, allowable load for any aircraft can be determined.

Because it is an empirical correlation, the DSM procedure is valid

only for the WES 16-kip vibrator. This device can not be air transported,

13

LS AL QLR N

Ll

Ol o
W )

0 ™ AN WY R W
o T PR S I NN L AL LA P g




n

iﬁ% except on the C5A, and therefore would not be suitable for world wide

:::gt; testing.

- 2, Wave Propagation Methods

."f Techniques for determining the modulus of pavement layers through
NS

:'iff’;i the analysis of surface waves traveling through the pavement system have

;‘:Q:i been proposed by University of New Mexico and University of Texas

V‘: researchers (References 30 and 31).

;33:2; Both methods use an impact load from a falling weight device. Wave
«;;:-‘. velocities are monitored with accelometers or velocity transducers located
ig'; on the pavement surface. By describing the wave signals with Fourier series
:n:'é:' to give the amplitude and phase angle of each frequency, the signals between
‘. two accelometers are analyzed to estimate the difference in phase angle.
C{ Differences in phase angle are used to calculate the wave velocity for each
?. frequency. The wave length of each frequency is estimated by multiplying
;‘:‘1' the velocity by the frequency.

}:gi The wave velocity varies with the stiffness of the layers within
:&"\ the pavement system. A plot of velocity against wave length is called a

:s.‘:‘ dispersion curve. The University of New Mexico procedure, developed for the
":‘::.? U. 8. Air Force, relates the wave length to a depth within the pavement

:':::: structure. The University of Texas procedure uses an inversion process to
i determine the propagation velocities at different depths. The wave velocity
fé?" is then converted to shear modulus for each of the pavement layers.

‘::: These methods have not been developed for production testing on a
;sf.'“ large scale as would be required for ALRS type pavements. Analysis of the
‘i dispersion curve is difficult for untrained personnel.

™
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4g 3. Deflection Basin Methods

‘0 The def lection basin from an applied load offers a method to

h evaluate the stability of the layers within a pavement structure. Optimally
K

:‘ each layer modulus can be quantified if the thickness is known.

1

]

Several methods have been applied to airfield pavement structures

P

and are summarized in several reports (References 15, 16, and 18). Most

i

methods match surface deflections to deflections from layered elastic

w_ A L

(linear and nonlinear) or finite element (linear and nonlinear) models.
a. Surface/Base Curvature Index Methods

Peterson (Reference 32) presented a method using the deflec-

St

tion basin data obtained from the Dynaflect device. Problem areas of the
Y pavement structure were identified as shown in Figure I1-1
where:
Surface Curvature Index (SCI) = The difference between the

deflections (mils) measured by the first and second sensors (DO -~ D12),

- o -

Base Curvature Index (BCI) = The difference between the deflec-
tions (mils) measured by the fourth and fifth sensor located 36 in and 48 in

from the center of the loaded area, respectively (D36 - D48).

P
-

Spreadibility (SPR) = Determined from the equation:

LR

SPR = DO + D12 + D24 + D36 + D48 7
5(D0)

This method of analyzing the deflection basin is applicable to the
. rapid field evaluation of ALRS pavements. To use the values given in Figure

I11-1, deflections must be converted to equivalent Dynaflect def lections or

e a al

new criteria developed for the selected NDT device.

-
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i b. Area/DO Concepts.

s, Hof fman and Thompson (Reference 12) presented a pavement evaluation
Ny method that used the Falling Weight Def lectometer deflection at the center
l‘.
:i of the load (DO) normalized to 9000 lbs. and the normalized cross-sectional
t
:g:: area (AREA) of the deflection basin out to the sensor at a 36 in. distance
't:; from the center of the applied load (Figure II-2). Algorithms and nomo-
1 ‘
;.:h graphs were developed to determine the modulus of the subgrade (ERI) (See
i-'.‘
‘?‘:3 Figure I1-3) from the ILLIPAVE finite element model (Reference 33).
o c. Backcalculation methods
1 Lytton (Reference 18) summarized nine methods for matching def lection
ol
fx <
i basins. Typically methods have been developed to calculate moduli for up to
' 3 five layers. Most methods do not handle non~linear stress-strain effects,
_:3(.3 and most can be operated on either a microcomputer or main frame.
+
i,
-'“ A nondestructive evaluation procedure using a layered elastic method of
,:;' analysis has been developed by WES for light aircraft pavements (Reference
L
E(:;: 14). In this method, a computer program, CHEVDEF, was developed to backcal-
i
)
'1;:1 culate the modulus of the pavement layers from the measured deflection
) basin. In CHEVDEF, the Chevron layered elastic program is used to calculate
)
W
;:::‘ the deflections.
3
3!_:0 The Chevron program was replaced with BISAR (Reference 34) to allow
% for varying interface conditions between the pavement layers. The revised
\
L)
:::: version, BISDEF, reported in References 15 and 17, is described in Appendix
\.'
e B.
i
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D. METHODS SELECTED
1. Field Procedure

The Falling Weight Def lectometer (FWD) was selected as the testing
apparatus for this study. The FWD offers distinct advantages over vibratory
equipment for testing sirport pavements all over the world. With an FWD, a
force output in the range of loading expected for the design aircraft can be
developed with a relatively light test apparatus. The FWD weighs about 1800
pounds and can be transported on most cargo aircraft. A maximum force
output of approximately 25000 pounds can be generated. In comparisom, the
WES 16-kip vibrator places a 30000 pound peak-to-peak loading and weights
70,000 pounds. A Road Rater Model 2008 weights approximately 8000 pounds
and outputs a 7000 pound peak-to peak load.

2. Mechanistic Analysis.

A layered elastic model was selected for analysis of the traffic
test section data. The assumptions of linear elastic, homogeneous isotropic
material properties are invalid particularly after traffic is initiated.
Due to the high stress state in the granular base layer and the subgrade,
permanent deformation is likely to occur during initial traffic. Material
responses when significant permanent deformations occur are nomnlinear.
However, this model was selected since it has been used previously for
airfield pavements (Reference 35). The CREVRON program was used to develop
the limiting vertical strain criteria (Figure II-4)., BISAR will be used to
calculate the stresses and strains for the pavements under the F-4 loading.

BISAR is also the base program for BISDEF for calculation of layer moduli.
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MAXIMUM (DMD)
DEFLECTION (MILS)
SURFACE CURVATURE
INDEX (MILS)

BASE CURVATURE
INDEX {MILS)
CONDITION OF
PAVEMENT STRUCTURE

PAVEMENT AND SUBGRADE WEAK
SUBGRADE STRONG, PAVEMENT WEAK
SUBGRADE WEAK, PAVEMENT MARGINAL
DMD HIGH, STRUCTURE OK

STRUCTURE MARGINAL, DMD OK
PAVEMENT WEAK, DMD OK

SUBGRADE WEAK, DMD OK

PAVEMENT AND SUBGRADE STRONG

GT = GREATER THAN
LE = LESS THAN OR EQUAL TO

z
4
[T

Figure II-1. Use of Deflection Basin Parameters to Analyze
Pavement Structural Layers (Reference 32).
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Area of Deflection Basin (Reference 12).

e

Radial Distance, inches
12

Area (in) = 6(1+201/D00+202/D0 + D3/D0)

Figure II-2.
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Figure II-3.
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o SECTION III
o FIELD TESTS
A. INTRODUCTION

To develop and verify a pavement design procedure for ALRS pavements,

NG,

E‘Sﬁ four bituminous surface over granular base pavement test sections were

‘i;!'i constructed (References 6 and 10) and trafficked with a load cart simulating
:;ié;: F-4 loading. Three items were built at the Waterways Experiment Station and one
'ﬁ';'-: was built at North Field, South Carolina. Seven existing pavement

. sections, located in nontraffic areas such as shoulders or over-

:.:‘ runs, were also trafficked to failure (Reference 6). Four were at

’:5!: Wright-Patterson Airforce Base (AFB), Ohio and three at Whiteman AFB,

;':l? Missouri. The major purpose of trafficking all test sections was to evaluate
‘:g f whether the asphalt surface thickness could be reduced from the current

?:'J:.‘ required 3 inches (Reference 24) to minimize the cost of the ALRS pavements.
:s,-,- The purpose of trafficking the existing pavements was to evaluate the effect
",;’: of environmental aging of the asphalt surface due to oxidation and the

:;::i: effects of aging on the properties of the base and subgrade layers when the
:‘;. pavements were in nontraffic areas.

E;;ii: FWD data were acquired on each section. These data will be used to

::",: develop a prediction model for evaluation purposes. These pavements provide
e a8 range of age and condition data for establishing an evaluation procedure
N‘j that is comparable to those pavements to be evaluated. The objectives of
E:)? these research efforts were to develop and verify design for low volume

“f’:, airfield pavements. CBR, water content, and density data were collected on
Egg these pavements. Samples were collected and returned for labortory classi-
i‘.:::. fication tests and for compaction tests to compare the laboratory density to
i
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i;a that denmsity obtained in the field, Funding was not available for resilient
ek
?\\g.
modulus testing.
AN
4y
LA+
b B. PAVEMENT CHARACTERISTICS
g
ﬁ% 1. WES Test Items.
‘%e Three test items were constructed at the WES to simulate the
\‘Q
ﬁ?‘ strength conditions that were expected for ALRS pavements. The primary
2;% purpose of these tests was to evaluate surface thicknesses of less than 3
Yo inches. The subgrade of the test section was constructed for a 6 CBR + 1.

Y The strength was selected from typical values for soil at U, S. airbases in
E the Federal Republic of Germany (Reference 5). Using the flexible pavement
design procedure (Reference 24), a total pavement thickness of 12 inches is
required for a light duty airfield with a design aircraft of gross weight of

60 kips, and 150 aircraft passes over a subgrade strength of 5 CBR. Three

vearing surfaces, a double-bituminous surface treatment (DBST), a l-inch AC

i

gﬁ% surface, and a 2-inch AC surface were selected for evaluation. The layout
?;g? of the test items is shown in Figure III-1.

~ﬁ$§ The materials used to construct the WES test items were selected to
gé%t meet the requirements spec%fied in Reference 24. The subgrade soil was a CH
gsg material, according the the Unified Soil Classification System (USCS). It
jﬁ&f, is commonly called "Vicksburg Buckshot Clay". and is frequently used in

i§§é constructing test sections at the WES because of its high plasticity and low
;ﬁﬁh permability. This clay will maintain nearly the same strength over the

duration of traffic testing. The material used for the base course of the

ALRS test section was a crushed limestone. Claasification data for the

limestone and CH material are shown in Figure III-2, Laboratory compaction

and CBR data, as-molded conditions, for the clay subgrade and base course
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are shown in Figures III-3 and III-4, The crushed limestone base course
showed very little strength loss with increased water content (Figure
I11-4),

The double-bituminous surface treatment (DBST) was comstructed using a
CRS-2 emulsified asphalt as the binder. The AC surface mix was designed in
accordance with the 75-blow Marshall mix design method given in MIL-STD-
620. Aggregates selected were a crushed limestone of coarse and fine
gradations, and a local concrete sand. For identification, the items will
be designated as WESl for 2-inch AC, WES2Z for l-inch AC and WES3 for the
DBST.

A summary of pre-traffic and post-traffic CBR, density and water
contents of the WES test section is shown in Table III-l1. In place density
of the granular base material was determined using a nuclear density gage
(Reference 36) and the water balloon method (Reference 37). Densities of
the clay subgrade were obtained using the drive cylinder method (Reference
38). The density of the base course increased with traffic, but there was no
significant change in the subgrade properties. As-built thickness data for
the WES test items are shown in Table III-2. These data were determined
from rod and level cross sections taken after each layer was completed.
Therefore, the averages are from a large number of readings. These average
thicknesses will be used for analysis.

2, VWright-Patterson and Whiteman Test Items.

The design freezing index was used as the basis for selection of
continential United States test pavements that had been enviromentally aged
under conditions similar to those in Germany and Korea, where ALRS pavements

are to be built. Wright-Patterson AFB, Ohio and Whiteman AFB, Missouri were

24
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selected, based on the design freezing index and because more pavement areas
wvere available in fewer locations minimizing transportation costs. The
design freezing index for Wright-Patterson and Whiteman AFB’s were 892 and
686 freezing degree-days, respectively.

The areas selected for traffic test at both Wright-Patterson and
Whiteman AFB’s, were taxiway and apron shoulder pavement, runway overrun and
a parking pad for fire equipment. All of the traffic test features, except
one, were constructed with an AC surface course. One feature was construc-
ted with a DBST surface. An airfield pavement layout and the location of
the test features are shown in Figures III-5 and III-6. From each feature a

section 10 feet by 30 feet was selected for traffic testing. A list of

pertinent data including construction and maintenance dates are shown in

Table III-3. The pavements ranged in age from 9 to 30 years at the time of

testing. The surface thickness varied from l-inch for the DBST to 3-

inches. The base course thickness varied from 6 to 47-inches. The pavement
structure with measured CBR values within the structure are shown in Figure
I1I-7. Designations for these pavements are also shown and will be used
herein,

Gradations for base and subgrade materials are shown in Figures III-8
and III-9. The dashed lines are limits for base course materials as
specified by the Department of Defense in Reference 24, The base courses
are relatively close to those limits but are one to two percent higher on
the fines passing the number 200 sieve. Laboratory CE-55 compaction and CBR
test results for the Wright-Patterson AFB and Whiteman AFB base courses are
shown in Figures III-10 through III-16. These results are presented to show

the effect <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>